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Summary Owing to modern epidemiology in Western countries, ageing represents a growing
health burden. In general, because of age itself and comorbid conditions, all clinical cardio-
vascular manifestations have a higher mortality rate and a worse outcome in older people
compared with in younger individuals. Diagnosis of the disease in the elderly in an emergency
setting is particularly challenging for the practitioner. Age-related cardiovascular changes and
comorbid conditions may alter signs, symptoms and adaptation to the disease and response toElderly;
Emergency
treatment. Bedside Doppler echocardiography is likely to play a major role in guiding diagnosis,
therapeutic strategies and prognosis. The purpose of this review is to appraise the applica-
tion of echocardiographic examination in helping the clinician facing emergency situations that
involve the cardiovascular system in the older population.
© 2009 Elsevier Masson SAS. All rights reserved.
Abbreviations: A, Late diastolic peak ﬂow velocity; E, Early diastolic peak ﬂow velocity; Ea, Early diastolic mitral and tricuspid annular
velocities; HF, Heart failure; HFpEF, Heart failure with preserved ejection fraction; LV, Left ventricular.
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MOTS CLÉS
Échocardiography ;
Sujet âgé ;
Urgences
Résumé Du fait de l’épidémiologie moderne des pays occidentaux, le vieillissement
représente un problème de santé publique majeur. L’âge avancé et les co-morbidités asso-
ciées aggravent la mortalité et le pronostic des manifestations cardiovasculaires chez les sujets
âgés. Poser le diagnostic d’une maladie chez le sujet âgé dans un contexte d’urgence est par-
ticulièrement complexe pour le praticien. Les modiﬁcations cardiovasculaires liées à l’âge et
aux co-morbidités peuvent modiﬁer les signes diagnostiques, les symptômes, l’adaptation à la
maladie et la réponse au traitement. L’écho Doppler cardiaque au lit du patient joue un rôle
majeur pour guider le diagnostic, la thérapeutique, les stratégies de prise en charge et ainsi le
pronostic. Le but de cet article de synthèse est d’illustrer l’aide apportée par l’écho Doppler
cardiaque au clinicien face aux situations urgentes qui impliquent le système cardiovasculaire
chez le sujet âgé.
© 2009 Elsevier Masson SAS. Tous droits réservés.
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aackground
geing represents a major public health burden. The propor-
ion of people aged 65 years and older in Western Europe is
rojected to increase from 17% in 2008 to 30% in 2060. Car-
iovascular disease remains the leading cause of morbidity
nd mortality in the elderly. Conversely, because of the age-
ssociated alterations in cardiac and vascular properties,
geing remains a major risk factor for cardiovascular mor-
idity and mortality. Age is indeed one variable in various
cores that predict poor outcome in different settings (e.g.
he Global Registry of Acute Coronary Events or the Seattle
eart Failure Survival Model) [1,2]. Where age alone results
n pre-existing impaired left ventricular (LV) ﬁlling capac-
ty and reduced renal function [3], for instance, myocardial
nfarction associated with minor myocardial damage is more
ikely to result in pulmonary congestion (Killip class≥ II) and
ubsequent worse outcome in the older individual than in
he younger individual.
Doppler echocardiography is a non-invasive, radiation-
ree, bedside tool that may be considered as a modern
tethoscope. Extremely varied and undiscovered cardiovas-
ular diseases, often at a very late stage of the disease,
ay be disclosed using Doppler echocardiography imaging
n older people. Owing to the conveniences of modern life,
edentary older people may underestimate, ignore or not
eport their symptoms, or may reduce their level of physical
ctivity to avoid or minimize symptoms. Moreover, diagnosis
f an event such as an acute myocardial infarction is usu-
lly delayed in older people because of atypical symptoms
dizziness, fatigue, altered mental status, etc.), resulting
n increased time to onset of therapy and poorer outcome
han in the younger individual [4]. In addition, because car-
iovascular diseases are seldom seen in isolation in older
eople (half have at least two chronic medical conditions),
on-speciﬁc symptoms such as dyspnoea may be caused by
ther concomitant diseases such as chronic lung disease or
besity. To this effect, besides other diagnostic procedures
ncluding biomarkers, electrocardiogram and chest X-ray,
omprehensive bedside Doppler echocardiography appears
o be an important tool for diagnosis, therapeutic manage-
ent and risk stratiﬁcation in older people presenting in the
mergency room. The goal of this report is to review the
sefulness of Doppler echocardiography imaging in treating
T
n
t
(
dlder people in the emergency room. The operating room
etting is also addressed.
ge-related changes in health (‘normal’
geing process)
ellular and molecular mechanisms (cardiomyocyte size,
umber and function, key steps of excitation-contraction
oupling, composition and distribution of elastin and colla-
en, vascular endothelial and smooth muscle cell function
nd structure, nitric oxide pathway, etc.) that account for
hanges in the ageing heart and vessels are multiple and
omplex. The reader can refer to the excellent review
rticles published previously on this topic [5—7]. Arterial
lterations include mainly decreased endothelial-mediated
asodilation, increased central vascular stiffening and aor-
ic pulse wave velocity and faster reﬂected pulse waves,
eading to an age-associated increase in LV wall stress and
etabolic demand (Fig. 1) [8,9]. Increased late-systolic
eﬂected waves due to the marked decrease in arterial
ompliance result in a fall in diastolic blood pressure and
rise in systolic blood pressure, and therefore higher pulse
ressure. The marked increase in systolic contribution to
otal coronary blood ﬂow suggests that systolic blood pres-
ure may have a greater role in myocardial perfusion in
he elderly than in the younger individual. Besides the pro-
ressive increase in cardiac workload with advancing age,
yocardial ﬁbrosis promotes prolonged LV diastolic relax-
tion. Blunted beta-adrenergic arterial vasodilation [10]
nd inotropic and heart rate response [11], in addition to
he changes mentioned above, contribute to the decreased
erobic capacity in older people. Lastly, decline in renal
unction and atrial ﬁbrillation also contribute to a decrease
n the stress response.
chocardiographic features in normal
geinghe structural echocardiographic changes associated with
ormal ageing include a progressive increase in LV wall
hickness that does not exceed the upper limit of normal
≤ 11mm), with a minor decrease or no change in LV internal
imensions, resulting in a mild increase in cardiac mass and
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Figure 1. Reproduced from McEniery et al., J Am Coll Cardiol 2005, with permission. Regression curves showing the effect of age on
variables of wave reﬂections (augmentation index and pressure, panel A) and arterial stiffness (pulse wave velocity, panel B) for men (circles,
solid lines) and women (squares, dashed lines) obtained with the Sphygmocor® system. Open circles and squares represent augmentation
pressure and closed circles and squares represent the augmentation index. Note that both variables of arterial stiffness and wave reﬂections
increase with age, thereby increasing the systolic load imposed on the myocardium during the ageing process. Panel C represents the aortic
pressure waveform in a 75-year-old woman and panel D represents the aortic pressure waveform in a 50-year-old man, both obtained using
age
ulse
ressu
p
tissue Doppler early diastolic mitral and tricuspid annular
velocities (Ea) are lower in older people than in younger indi-
viduals. In addition, Ea is inversely related to late systolic
load, which is mediated predominantly by the increased
systolic wave reﬂections brought by age, thereby leadingthe radial function transfer of the Sphygmocor® system. Note the
increasing the augmentation index (Alx) pressure (the ratio of AP/p
an increase in wave reﬂections associated with age. Dp: diastolic p
concentric LV remodelling [12]. A signiﬁcant increase in the
aortic root dimension occurs with age and predicts incident
heart failure (HF), stroke, and cardiovascular and all-cause
mortality [13]. Left atrial enlargement, which promotes
stroke and atrial ﬁbrillation (frequent illnesses in older
people), also occurs with age [14]. Sclerosis due to myxo-
matous degeneration, collagen inﬁltration and calciﬁcations
of both aortic and mitral valves are observed frequently in
the elderly. Changes at the mitral level include from a few
spicules of calcium to a large mass located behind the pos-
terior leaﬂet, forming a half ring that may interfere with
annular motion and decrease atrioventricular compliance,
serve as a substrate for thromboembolism, heart block,
valvular dysfunction or infective endocarditis (Video Loop
1) [15]. There is also a statistically signiﬁcant decrease in LV
outﬂow tract diameter and velocity that parallels a decrease
in aortic valve area and an increase in aortic velocity [16].
Paralleling the increased arterial stiffening and systemic
vascular resistance, an aortic ﬂow mid-systolic notch is seen
frequently in the elderly population (Fig. 2). Importantly, LV
diastolic function declines with ageing, while LV ejection
fraction remains preserved. There is a progressive decrease
in early diastolic peak ﬂow velocity (E), deceleration and
early diastolic peak ﬂow velocity/late diastolic peak ﬂow
velocity (E/A) ratio [17]. As a result, 87% of the elderly
F
p
i-related increase in augmentation pressure (AP, arrows), thereby
pressure [PP], which is identical in these two patients), indicating
re; HR: rate; Sp: systolic pressure.
opulation exhibit an E/A ratio < 1 (Fig. 3) [18]. Similarly,igure 2. Left ventricular outﬂow tract pulsed Doppler ﬂow dis-
lay in a healthy elderly subject. The midsystolic notch suggests
ncreased stiffness of the arterial tree.
118 P.V. Ennezat et al.
F ips sh
m man
i
t
w
r
t
t
s
a
t
i
r
p
i
t
a
a
l
w
t
t
t
p
H
H
t
c
t
H
e
H
p
F
8
v
p
w
m
p
c
t
p
s
h
t
d
r
s
n
g
d
s
c
i
o
t
a
H
t
d
e
t
t
r
cigure 3. Pulse wave Doppler recording taken from mitral valve t
an, (B) a 40-year-old man and (C) a non-hypertensive 65-year-old
ncreases.
o an increased E/Ea ratio [8]. However, it is not known
hether other cut-off values for ‘normal’ age-speciﬁc E/Ea
atios should be used. In contrast, tissue Doppler late dias-
olic velocities are not altered with age. It is worth noting
hat tissue Doppler systolic mitral annular velocity (a mea-
ure of longitudinal contractility of the LV myocardium) is
lso lower in the elderly, demonstrating subclinical LV sys-
olic dysfunction [19]. However, the compensatory increase
n radial thickening normalizes LV ejection fraction, which
emains stable with age [20]. Systolic pulmonary artery
ressure, estimated from the tricuspid regurgitant veloc-
ty, increases progressively with age [21,22], probably due
o the age-related increase in pulmonary arterial stiffening
nd/or heightened LV end-diastolic pressure. Both systolic
nd early diastolic velocities of the tricuspid annulus are
ower in older people than in younger individuals [19]. It is
orth noting that systemic hypertension, a common condi-
ion in older people [23], exacerbates the changes related
o ageing, such as LV hypertrophy, alterations in LV dias-
olic function, longitudinal systolic function and pulmonary
ressure [22].
eart failure setting
F is the most frequent hospital discharge diagnosis among
he elderly [24]. The reader can refer to a recently published
omprehensive review on the role of echocardiography in
he management of HF [25].
eart failure with preserved left ventricular
jection fraction
F with preserved ejection fraction (HFpEF) increases in
revalence in older populations (about 50% of older peo-
igure 4. Pulse wave mitral valve recording taken at the tips of the m
0-year-old man during the acute phase of a pulmonary oedema. Note th
entricular ﬁlling pressure.
f
i
w
I
Howing peak E (early) and A (late) diastolic ﬂows in (A) a 20-year-old
. The E/A ratio decreases with age while E wave deceleration time
le with HF) [26]. HFpEF is particularly common in elderly
omen with longstanding hypertension, type 2 diabetes
ellitus and obesity [27]. However, before categorizing a
atient as having HFpEF, several causes (such as severe
ardiac valvular diseases, restrictive, inﬁltrative or hyper-
rophic cardiomyopathy, isolated right ventricular failure,
ericardial diseases, intracardiac masses, pulmonary vein
tenosis, congenital heart diseases, presence of prosthetic
eart valve, bradycardia related to atrioventricular or sinoa-
rial blocks, myocardial ischaemia related to coronary artery
isease, high-output HF, dialysis-dependent and end-stage
enal failure, liver cirrhosis, nephrotic syndrome, and tran-
ient LV systolic dysfunction related to tachyarrhythmia)
eed to be excluded by thorough clinical and echocardio-
raphic examination, laboratory data and eventually other
iagnostic procedures. In HFpEF patients, echocardiography
hows the characteristic combination of LV hypertrophy or
oncentric remodelling and left atrial enlargement, which
s a harbinger of chronically elevated LV ﬁlling pressure in
lder people presenting with signs and symptoms of conges-
ive HF (Video Loop 2) [28]. The acute rise in E/Ea ratio
nd pulmonary pressure is common in the setting of acute
F. Importantly, transmitral inﬂow recording may, never-
heless, show the pattern of ‘hyperabnormal relaxation’ in
ecompensated older people [29]; in these cases, height-
ned LV ﬁlling pressure is easily uncovered by calculating
he E/Ea ratio (Fig. 4). In steady state, despite vasodila-
or and diuretic therapy, the averaged levels of the E/Ea
atio and pulmonary pressure remain higher compared with
ontrols [30]. Similarly, right ventricular enlargement anditral leaﬂets showing an ‘hyperabnormal relaxation’ pattern in a
e elevated averaged E/Ea ratio at 15, demonstrating increased left
unctional mitral regurgitation may be observed transiently
n the overloaded state, although this reduces or disappears
ith cardiac load reduction (Video Loops 3A and 3B) [31].
mportantly, besides severe coronary artery or valve disease,
FpEF may be an unrecognized cause of mechanical ven-
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tFigure 5. Pulsed wave Doppler transmitral ﬂow (left) and pulmon
woman in whom a ﬁrst attempt to wean mechanical ventilation fa
pattern of Doppler transmitral ﬂow and predominant pulmonary dia
tilatory weaning failure in the intensive care unit. Abrupt
and unprepared ventilatory weaning can result in an acute
increase in LV wall tension, and increased venous return and
thereby LV preload, promoting increased pulmonary cap-
illary wedge pressure and secondary mitral regurgitation,
and eventually precipitating pulmonary oedema in HFpEF
patients (Fig. 5) [32]. Prior vasodilator and diuretic therapy
is likely to help ventilatory weaning in this setting. Of note,
after the acute HF episode, exercise echocardiography often
unmasks LV abnormal response or induced functional mitral
regurgitation [30,33].Heart failure with reduced LV ejection
fraction
HF with reduced ejection fraction is also common in
elderly populations (Video Loop 4). Coronary artery dis-
2
[
s
s
A
Figure 6. Left ventricular outﬂow tract (LVOT) and transaortic pulse w
long-standing hypertension, admitted for syncope and symptoms of hear
hypertrophy are immediately evident (Video Loop 5). The forward stro
pressure gradient (MPG) is 30mmHg and the calculated aortic effectiv
diagnosis of paradoxical low ﬂow/low gradient aortic stenosis despite
integral.in ﬂow (right) tracings from a mechanically-ventilated 71-year-old
because of heightened left ventricular ﬁlling pressure (restrictive
c vein ﬂow), despite normal ejection fraction.
ase, hypertension, sustained excess tachycardia and
ardiac valvular disease, such as aortic stenosis, are the
ain causes of HF with reduced ejection fraction in
lder people. Segmental wall motion abnormalities and
V scarring suggest underlying coronary artery disease.
oronary angiography provides the deﬁnitive diagno-
is.
ardiac valvular diseases
ardiac valvular diseases are common in the general popula-
ion and increase with age [34]. Aortic valve stenosis affects
% of patients older than 65 years (mean age 82 years)
35]. The pathophysiological consequences of aortic valve
tenosis include LV hypertrophy, elevated LV diastolic pres-
ure and progressive decline in LV systolic function [36].
ortic valve replacement is warranted in the absence of
ave and continuous Doppler recording in a 78-year-old patient with
t failure. The left ventricular fractional shortening and concentric
ke volume index is measured at 30mL/m2, the mean transaortic
e oriﬁce area is 0.90 cm2. These ﬁndings are consistent with the
a preserved left ventricular ejection fraction. VTI: velocity time
1 P.V. Ennezat et al.
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evere comorbid conditions when patients develop symp-
oms or LV systolic dysfunction [37]. It is worth noting
hat percutaneous procedures in older people need fur-
her validation (ongoing REVIVE, REVIVAL and PARTNERS
rials) before wide acceptance in routine practice. Low-
ose dobutamine is useful for assessing the presence of
ontractile reserve and differentiating true severe from
seudosevere stenosis in the challenging subset of patients
ith low LV ejection fraction and low transvalvular gra-
ient [38,39]. Exercise stress echocardiography may be
nvisioned in patients with aortic valve stenosis and equiv-
cal symptoms and normal ejection fraction [40,41]. In the
lderly, the narrowed valvular oriﬁce is often combined with
nderlying LV systolic and diastolic dysfunction that may
e related to other cofactors such as coronary artery dis-
ase or longstanding hypertension, thereby adding a level
f complexity to the assessment of these patients. In addi-
ion, low transvalvular gradients are frequently observed
n these elderly patients, despite a calculated aortic valve
rea below 1.0 cm2 or 0.60 cm2/m2, questioning the true
everity of the stenosis. In some patients, the discrep-
ncy between relatively low transvalvular gradients and
ecreased aortic valve area may be explained by the pres-
ure recovery phenomenon [42,43]. A signiﬁcant rise in
tatic pressure downstream from the oriﬁce occurs (due
o reconversion of kinetic energy into potential energy)
f the ascending aorta is narrow (diameter of the aortic
inotubular junction < 30mm) and leads to an overestima-
ion of Doppler-derived transvalvular gradients. The use of
he Doppler-derived energy loss index, which takes account
f the diameter of the aorta to calculate aortic effec-
ive oriﬁce area, helps to reconcile discrepancies between
oppler transvalvular pressure gradient data and effective
riﬁce area obtained by the Doppler continuity equation
42,44]. Recently, Hachicha et al. demonstrated that low-
ow (stroke volume index≤ 35mL/m2), low-gradient but
evere aortic valve stenosis despite normal ejection frac-
ion is prevalent in older people, especially in hypertensive
omen with concentric LV remodelling or hypertrophy and
igh systemic vascular resistances (Fig. 6, Video Loop 5)
45]. Despite a low transvalvular pressure gradient [46],
hese patients are indeed at a severe stage of the disease,
ssociated with a high global LV afterload (the sum of arte-
ial and valvular loads) [47]. The low survival observed in
atients managed conservatively advocates identiﬁcation of
his challenging subgroup of aortic valve stenosis patients
nd consideration of aortic valve replacement. Concomi-
ant signiﬁcant mitral regurgitation or left-to-right shunt
elated to an atrial septal defect may occasionally cause low
ransvalvular gradients despite severe aortic valve stenosis
nd normal ejection fraction [48].
Concomitant mitral regurgitation and HF requires com-
rehensive assessment. The reader can refer to the review
rticle published previously on this topic [49]. Mitral valve
rolapse is a common cause of mitral regurgitation (Video
oops 6A and 6B) and is often combined with mitral annular
alciﬁcation in older people, which otherwise complicates
alve surgery signiﬁcantly. Large calciﬁc deposits in the
osterior mitral annulus may themselves restrict posterior
eaﬂet motion and produce mitral regurgitation (Video Loops
A and 7B) [15]. In contrast, extensive mitral calciﬁcations
hat extend onto the base of the mitral leaﬂets may produce
P
O
pigure 7. Associated with Video Loop 10. Continuous wave
oppler signal from the left ventricular outﬂow tract at the site
f obstruction.
signiﬁcant increase in transvalvular velocity-derived gradi-
nts, suggesting severe mitral stenosis (Video Loop 8) [15].
sing transoesophageal echocardiography, in contrast to the
hickening at the leaﬂet tips and commissural fusion seen
ith rheumatic disease, these large calciﬁcations spare the
dges of the leaﬂets and the commissures, often resulting
n moderate stenosis and thus allowing conservative man-
gement in the elderly. Of note, heightened LV diastolic
ressure, related to ageing, hypertension or concomitant
ortic valve disease, may result in relatively low transmitral
radient despite severe mitral stenosis. Of note, patients
ith true severe calciﬁc mitral stenosis are not good candi-
ates for percutaneous valvotomy [37]. In older people with
V systolic dysfunction, functional/ischaemic mitral regur-
itation is usually mild or moderate but may be severe,
specially in the case of severe posterior leaﬂet tethering
Video Loop 9). Patients with ischaemic mitral regurgita-
ion associated with a high posterior leaﬂet angle should not
ndergo restrictive annuloplasty [50]. Drug-induced valvular
isease (with the anti-Parkinson disease dopamine receptor
gonist pergolide) has been reported but is uncommon.
ntra-left ventricular obstruction
he presence of LV obstruction should be ruled out sys-
ematically in the setting of HF and normal or supranormal
jection fraction, even in the absence of hypertrophic car-
iomyopathy (Fig. 7, Video Loop 10). Dynamic LV outﬂow
ract obstruction affects both systolic and diastolic LV func-
ion. Pre-existing LV concentric remodelling, associated with
peciﬁc conditions such as inappropriate or excessive use
f positive inotropic therapy or relative hypovolaemia, may
acilitate the occurrence of intra-LV obstruction and produce
itral leaﬂet systolic anterior motion and hence unexpected
‘paradoxical’) pulmonary oedema. Fluid challenge, dis-
ontinuation of inotropic therapy and possibly initiation of
eta-blockade therapy are indicated in this situation.ermanent pacing
wing to the increased prevalence of permanent cardiac
acing in elderly people, HF associated with permanent
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Figure 8. Atrioventricular optimization using Doppler mitral inﬂow velocities in a 69-year-old woman with atrioventricular conduction
delay and an implantable cardioverter deﬁbrillator for a history of syncope and sustained ventricular tachycardia, who had severe shortness
of breath despite a normal ejection fraction. Default setting resulted in loss of A wave and prolonged PR interval on the electrocardiogram
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i(left panel). Shortening of the atrioventricular interval improved lef
(right panel) and thereby relieved heart failure symptoms.
cardiac pacing is an important issue. Echocardiography does
indeed play an important and evolving role in the care of
patients treated with permanent pacing.
Right ventricular apical pacing results in LV dyssynchrony
and thereby in deterioration of LV systolic and diastolic
function, mitral regurgitation, left atrial enlargement, LV
remodelling and ultrastructural abnormalities (Video Loop
11). Zhang et al., in a series of 304 patients without a prior
history of HF, indicated that permanent right ventricular
apical pacing was associated with new-onset HF in 26% of
patients [51]. Both older age and underlying coronary artery
disease were independent predictors of adverse outcome in
these series. Therefore, more attention should be paid to
minimizing right ventricular pacing, especially in patients
treated with pacemakers for sinus node dysfunction or inter-
mittent atrioventricular block.
Pacemaker-induced atrioventricular dyssynchrony
(‘pacemaker syndrome’) impairs diastolic LV ﬁlling. An
atrioventricular delay that is too short interrupts the atrial
component of the mitral inﬂow. An atrioventricular delay
that is too long results in E-A fusion and diastolic mitral
regurgitation. Therefore, optimization of the atrioventric-
ular delay, using pulsed Doppler interrogation of mitral
inﬂow, may improve the signs and symptoms of congestive
HF (Fig. 8).
Severe tricuspid regurgitation caused by a permanent
pacemaker or implantable cardiac deﬁbrillator lead is an
under-recognized cause of severe right HF. Kim et al. found
that tricuspid regurgitation worsening was more common
with implantable cardiac deﬁbrillators than with pace-
makers in patients with baseline mild or trivial tricuspid
s
c
c
e
etricular ﬁlling with signiﬁcant contribution of the atrial component
egurgitation. After lead implantation, abnormal tricuspid
egurgitation developed in 21.2% and severe tricuspid regur-
itation developed in 3.9% of patients with initial trivial
ricuspid regurgitation [52]. Transvenous ventricular pacing
eads across the tricuspid valve may cause or exacerbate
ricuspid regurgitation (Video Loop 12). Causes of tricuspid
egurgitation in this setting most frequently include perfora-
ion of the tricuspid valve leaﬂet but also lead entanglement
n the tricuspid valve, lead impingement of the tricuspid
alve leaﬂets and lead adherence to the tricuspid valve [53].
ther causes of heart failure
ardiac amyloidosis in its senile form is an infrequent cause
f diastolic HF in the elderly, although it is a frequent post-
ortem ﬁnding in patients aged over 80 years. Extensive
entricular deposition of proteins may result in restrictive
ardiomyopathy. The disease is suggested by the presence
f enlarged atria, thickened interatrial septum and valves,
mall ventricles and increased ventricular wall thickness
ssociated with low voltage on electrocardiogram. Reduced
V systolic function may be seen in the late stage of the
isease.
Radiation exposure to the chest increases particularly in
omen, due to the increased prevalence of breast cancer
n the community. As a result of previous radiation expo-
ure, restrictive cardiomyopathy, constrictive pericarditis,
ardiac valvular disease (Video Loops 13 and 14) and, rarely,
oronary sinus stenosis that results in turn in increased LV
nd-diastolic pressure, are considered and evaluated using
chocardiography [54]. Diagnosis of post-radiation coronary
122 P.V. Ennezat et al.
Figure 9. Pulsed wave Doppler display at the tips of the mitral leaﬂets and continuous wave Doppler tracing of the mitral regurgitant jet
in a 69-year-old patient admitted to the intensive care unit for Killip class III inferior myocardial infarction despite successful reperfusion
and normal ejection fraction. Left panel: the atrioventricular dyssynchrony due to a marked prolongation of the PR interval impaired left
ventricular ﬁlling (inefﬁcient left atrial systole) and produced end-diastolic mitral regurgitation (Video Loop 16). Right panel: two days later,
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thortening of PR interval concomitant with heart-rate acceleration
egurgitation disappeared.
bstructive disease requires the use of coronary angiogra-
hy.
cute coronary syndrome setting
bout 60% of hospital admissions for acute myocardial
nfarction involve elderly patients [55]. Because acute coro-
ary syndrome is added to the burden of cardiovascular
nd non-cardiovascular comorbid conditions in the elderly,
ge is associated with a signiﬁcant increase in adverse out-
omes in patients with an acute coronary syndrome [56,57].
elayed and severe presentations of myocardial infarction
including mechanical causes of HF) occur more frequently
n older people [4]. The reperfusion therapy should not be
elayed in patients with ST-segment elevation acute coro-
ary syndrome. In contrast, bedside echocardiography is
useful tool for the management of older people, espe-
ially when a rise in cardiac troponin is accompanied by
typical symptoms or a non-diagnostic electrocardiogram
ecause of baseline abnormalities of LV hypertrophy, left
undle branch block or cardiac pacing. Evidence of LV wall
otion abnormalities further suggests a diagnosis of acute
oronary syndrome. Echocardiography is also essential in
uiding the management of patients with signs of acute
F in this setting. Diagnoses of depressed LV systolic func-
ion, right ventricular infarction, free wall, interventricular
Video Loop 15) and papillary muscle rupture (Video Loop
6) are established readily by bedside Doppler echocardio-
raphy [58]. Of note, pre-existing impaired LV relaxation
e
s
i
a
tored atrioventricular synchrony. Note that the end-diastolic mitral
r atrioventricular dyssynchrony resulting from ischaemia-
r drug-induced atrioventricular block may contribute to
ongestive HF in elderly patients with an acute coronary
yndrome (Video Loop 17, Fig. 9). Bedside Doppler echocar-
iography also provides prognostic information, in addition
o major clinical predictors of mortality and routine labora-
ory testing, in patients presenting with an acute coronary
yndrome. Elevated E/Ea ratio, left atrial enlargement and
itral regurgitation, after or before myocardial infarction
ﬁndings that are seen more frequently in older people,
oth in the early and chronic post-myocardial infarction
tage) predict subsequent LV remodelling, HF hospitaliza-
ion and death [59—63]. The key role of bedside Doppler
chocardiography is especially obvious in patients with
on-ST-segment elevation acute coronary syndrome, where
oncomitant severe aortic valve stenosis or other severe
alvular disease should be detected before cardiac catheter-
zation because their presence requires consideration of
ardiac surgery, while immediate percutaneous coronary
ntervention is likely to complicate cardiac valve disease
anagement. There is an increased awareness among gen-
ral clinicians of the syndrome of Takotsubo, which primarily
ffects elderly women; this syndrome, which mimics acute
oronary syndrome, is characterized by an onset consequent
o acute emotional stress or an acute medical condition, an
lectrocardiogram showing ST-segment elevation or depres-
ion, or T-wave changes, a prolonged QT interval, a mild
ncrease in cardiac troponin, the typical akinesis of the
pex together with hypercontraction of the basal walls in
he absence of angiographically signiﬁcant coronary artery
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stenosis, the occasional presence of transient intracavitary
pressure gradients and, importantly, complete resolution of
the apical wall motion abnormality within a few days or
weeks [64].
Dyspnoea setting
The pathophysiology of dyspnoea in the elderly is often com-
plex to delineate and may be multifactorial [65]. Important
contributions may be inherently age-related and include
cardiac factors such as decreased LV diastolic compliance
or relative chronotropic incompetence, vascular factors
such as decreased aortic distensibility or increased periph-
eral vascular stiffening, but also ventilator abnormalities,
skeletal muscle dysfunction, obesity or anaemia. When
echocardiographic examination does not disclose signiﬁcant
abnormalities at rest, exercise Doppler echocardiography
may play an important role in diagnosis and hence in deci-
sion making [41,66]. For example, patients with rheumatic
valve disease or not and mild mitral regurgitation at rest may
exhibit severe mitral regurgitation during dynamic exercise
and a subsequent rise in pulmonary artery systolic pressure
[33,67]. Similarly, the severity of functional mitral regurgi-
tation at rest is unrelated to an exercise-induced change in
mitral regurgitation in patients with LV systolic dysfunction
[68].
The E/Ea ratio, which is a good non-invasive estimator of
LV ﬁlling pressure, has been validated both at rest and dur-
ing dynamic exercise. An E/Ea ratio > 15 usually indicates
a pulmonary capillary wedge pressure > 20mmHg when sep-
tal Ea is used; and if the ratio is < 8, the LV ﬁlling pressure
is usually normal [69]. Burgess et al. demonstrated that a
post-exercise E/Ea > 13 correlates with elevated LV ﬁlling
pressure and is highly speciﬁc for reduced exercise capacity
[70].
Signiﬁcant isolated pulmonary hypertension (LV ejection
fraction > 50% and no left-sided valve disease or congeni-
tal heart disease) may be found in elderly patients [71].
Meticulous recording of the velocity of the tricuspid regur-
gitant jet allows accurate measurement of right ventricular
systolic pressure. Pulsed-wave Doppler examination of the
right ventricular outﬂow tract often reveals a mid-systolic
notch of the Doppler forward-ﬂow proﬁle in the setting
of high pulmonary vascular resistance (Fig. 10). Major
and chronically increased right ventricular afterload pro-
duces interventricular septal ﬂattening and right ventricular
enlargement, hypertrophy and hypokinesis. Further evalua-
tion is needed to rule out pulmonary hypertension associated
with recognized causes, such as acute or chronic pulmonary
thromboembolic disease, lung disease, sleep apnoea or
drug-induced pulmonary hypertension. Moreover, it is nec-
essary to evaluate the elevation of pulmonary capillary
wedge pressure as estimated from the E/Ea ratio, as well as
increased pulmonary arterial tone or vascular remodelling,
to account for the excessive rise in pulmonary pressure at
rest or during minimal exercise. Importantly, left-to-right
shunt should be ruled out systematically in the presence
of right ventricular enlargement. Careful evaluation of the
atrial septum with colour ﬂow Doppler and using the ratio
of pulsed Doppler cardiac output across the pulmonary and
aortic valves may help to detect a previously unknown atrial
i
c
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tigure 10. The tracing of this pulmonary ﬂow discloses a mid-
ystolic notch in an 80-year-old woman, therefore suggesting
ncreased pulmonary vascular resistances.
eptal defect [48]. Lastly, contrast echocardiography read-
ly allows the detection of a right-to-left shunt through
patent foramen ovale, which may be responsible for
efractory profound hypoxaemia, for instance, in the setting
f right hemidiaphragmatic paralysis [72,73]. Percutaneous
losure of the patent foramen ovale by a catheter-deployed
ouble-umbrella device results in complete normalization of
rterial oxygen saturation.
hest pain setting
chocardiography is likely to be a major adjunct (when
pplied by an expert practitioner) in the assessment of
atients with chest pain. Use of echocardiography allows
he detection and differentiation of pericardial and pleu-
al effusion (Video Loop 18), direct or indirect signs of
ulmonary embolism or acute aortic syndrome. It should
e noted that penetrating atherosclerotic ulcers affect
he elderly primarily. However, computed tomography or
agnetic resonance imaging has a major role to play in
he management of patients with aortic disease. Stress
chocardiography is recommended in patients with chest
ain admitted to the emergency room for risk stratiﬁca-
ion purposes [74]. Stress dobutamine echocardiography is
ccurate in detecting coronary artery disease in older peo-
le. Nevertheless, subjects older than 75 years experience
ymptomatic hypotension and ventricular arrhythmias more
requently during dobutamine stress echocardiography [75].
xercise stress echocardiography may also be envisioned in
hysically active elderly patients.
yncope setting
here are multiple causes of abrupt reduction in brain perfu-
ion in older people. When elucidating the cause of syncope,
n addition to the electrocardiogram and clues provided from
areful reading of the history (drugs, exertion, pain, arising,
tc.), echocardiography may reveal obstruction of LV out-
ow of any form (aortic valve stenosis, hypertrophic obstruc-
ive cardiomyopathy), severe pulmonary hypertension,
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Figure 11. Reproduced from Maréchaux et al., Eur J Heart 2007, with permission. Transthoracic two-dimensional echocardiography in a
7 alized in the septum (Panel A, apical four-chamber view, arrow) and in
t arrow). Pathology allowed diagnosis of a metastasis of a differentiated
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Figure 12. Apical four-chamber view showing a large pericardial
effusion and a pericardial mass in a 68-year-old man with carcinoma
of the lung.
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o8-year-old-woman demonstrated a myocardial inﬁltrative mass loc
he left ventricle (LV) inferior wall (Panel B, parasternal short axis,
ronchial carcinoid. RV: right ventricle.
eft atrial myxoma or ball-valve thrombus. Hence, a
ormal 12-lead electrocardiogram combined with a lack
f structural or functional heart disease discovered on
chocardiographic examination in the setting of unexplained
yncope is associated with favourable outcome and enables
he patient to be discharged. Further diagnostic testing
ay thereby be envisioned in an outpatient setting in these
lderly patients with normal electrocardiogram and bedside
chocardiography [76].
The combination of atrioventricular block and aortic
alve stenosis should not be misdiagnosed. Owing to the
xtreme risk of sudden death, thorough evaluation of aortic
alve stenosis should be performed after pacemaker implan-
ation. Moreover, before cardiac pacing, both bradycardia
nd irregular ventricular rate alter transvalvular gradients
nd load conditions signiﬁcantly.
Ventricular arrhythmias are likely in the presence
f LV systolic dysfunction or myocardial scar. Of note,
ardiac amyloid inﬁltration may cause malignant arrhyth-
ias, conduction block, atrial ﬁbrillation or sick sinus
yndrome.
ancer setting
atients with cancer may develop complications in the car-
iovascular system. While metastases to the myocardium
re observed rarely (Fig. 11) [77], direct extension of
umours, such as primary lung tumours and malignant peri-
ardial effusion (Fig. 12), are common. In addition, one
hird of patients with pericardial involvement will develop
ardiac tamponade demanding immediate drainage. Not
nly pulmonary thromboembolic disease but also severe
ulmonary infection, carcinomatous lymphangitis and pul-
onary microscopic tumour embolism are suggested by
chocardiographic features of cor pulmonale in this set-
ing [78]. Non-bacterial thrombotic endocarditis can also
omplicate the course of various malignancies. Oedema of
eck, face and arms suggests obstruction of the superior
ena cava, which is revealed by contrast-enhanced com-
uted tomography. Both acute and chronic HF syndrome
ue to reduced LV systolic function may be caused by car-
iotoxicity of several chemotherapeutic agents, including
nthracyclines and/or radiation therapy.
s
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pever setting
wing to the higher incidence of nosocomial infections with
he use of intravascular catheters, prosthetic heart valves
nd pacemaker leads, infective endocarditis is prevalent
n older people and may result in severe valvular dis-
ase and/or conduction blocks. Doppler echocardiographic
valuation is key in guiding the surgical approach and tim-
ng of intervention. Transoesophageal echocardiography is
ore sensitive and speciﬁc than transthoracic echocardio-
raphy in this setting. It should be performed as early
s possible to assess the extent of valvular lesions and
o detect paravalvular abscess. A history of pulmonary
nfection in older patients with permanent pacemakers
r implantable cardiac deﬁbrillators should be noted and
hould suggest consideration of lead endocarditis (Video
oop 19). Diagnosis of infective aortitis with the use of
ransoesophageal echocardiography should be considered in
therosclerotic patients with fever and chest or abdominal
ain [79].
Echocardiography in acute elderly patients
Figure 13. Transoesophageal view showing the transverse aortic
O
W
s
i
o
ﬂ
t
t
a
ﬂ
p
o
t
n
a
i
b
p
d
b
o
[
M
s
i
e
t
o
t
r
m
c
m
e
e
a
p
v
a
r
i
m
c
d
r
c
m
o
b
t
o
v
2arch in an 82-year-old patient with recent ischaemic stroke. Note
the large atherosclerotic plaques of the aortic arch.
Stroke setting
Ischaemic stroke is a major cause of morbidity and mortal-
ity in older people. Both transthoracic and transoesophageal
echocardiography are needed to screen multiple sources
(such as LV thrombus or left atrial myxoma) that may
be involved in cardiogenic embolism in older people,
similar to younger individuals. However, atrial ﬁbrillation
associated with left atrial enlargement, atherosclerotic
intra-aortic debris and large mitral annular calciﬁcation
may be considered to be more speciﬁc to the elderly.
Notably, atherosclerotic disease of the aortic arch with large
plaques is present in one-third of patients with crypto-
genic stroke and accounts for one-third of the population
with total ischaemic stroke aged≥ 60 years who have≥ 1
vascular risk factor [80]. Cohen et al. found that, among
morphological variables such as plaque thickness, surface
irregularities, calciﬁcations and hypoechoic plaques, plaque
thickness≥ 4mm was associated with the highest event rate
(Fig. 13) [81].
Falls setting
Falls represent a major health problem in the geriatric
population. About 40% of persons aged > 65 years will fall
at least once each year. Moreover, falling is associated
with high mortality and morbidity in elderly people and
accounts for 6% of admissions to emergency departments
in western countries and 8% of deaths in those aged over
65 years. Maréchaux et al. demonstrated recently that a
rise in cardiac troponin occurs frequently in cases of falls
[82]. Moreover, elevated cardiac troponin correlates with
various heart diseases, including aortic valve stenosis or
transient apical ballooning, namely Takotsubo syndrome
(Video Loop 20), and with poor outcome [82]. Therefore,
echocardiographic examination seems to provide useful
information for the appropriate care and prognosis of
troponin-positive, older patients referred to the emergency
department after being immobilized on the ground after a
fall.
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perating room setting
ith age, older people are likely to undergo non-cardiac
urgery. However, advanced age is a clinical predictor of
ncreased perioperative cardiovascular risk [83].
Intolerance to cardiac load alterations is common in
lder people who undergo non-cardiac surgery. Excessive
uid challenge may easily result in pulmonary oedema due
o the impaired LV relaxation of the ageing heart. In con-
rast, because of LV concentric remodelling or hypertrophy
ssociated with ageing, both blood loss and insufﬁciency of
uid infusion may lead to prompt decrease in cardiac out-
ut. Inappropriate inotropic therapy may also provoke LV
bstruction and eventually secondary apical ballooning, and
hereby paradoxical pulmonary oedema. Underlying coro-
ary artery disease that is prevalent in older people is also
major cause of LV dysfunction and myocardial infarction
n the setting of non-cardiac surgery.
In contrast to younger individuals, frequent comor-
id conditions, functional decline, desired lifestyle and
rojected lifespan are major factors in evaluating car-
iac surgical options. Surgical risk assessment tools may
e helpful but have not been developed speciﬁcally for
lder people undergoing cardiac surgery (e.g. euroSCORE
http://www.euroscore.org] and the Cardiac Surgery Risk
odels Guideline [http://www.sts.org]). Hence, in a recent
tudy, the operative risk in 282 octogenarians undergo-
ng aortic valve replacement was overestimated by the
uroSCORE [84]. A variety of complications may never-
heless occur after cardiac surgery in the elderly. Risk
f cerebral ischaemic events increases signiﬁcantly among
hese older patients. Dislodgement of aortic atheroscle-
otic debris during cardiac surgery is favoured by external
anipulation of the aorta during palpation, cross-clamping,
ardiopulmonary bypass aortic cannula placement or proxi-
al anastomosis of the grafts to the aorta. Transoesophageal
chocardiography allows practitioners to discern the pres-
nce and severity of atherosclerotic disease of the ascending
orta before reaching or within the operating room.
Owing to age-associated cardiovascular features, older
eople exhibit ‘speciﬁc’ complications after surgery on the
alves. Small LV cavity and narrowed angle between mitral
nd aortic valves contribute to the onset of systolic ante-
ior motion after mitral valve repair that may result in
ntractable severe LV outﬂow obstruction and accompanying
itral regurgitation, and therefore in serious haemodynamic
omplications (i.e. inability to wean the patient from car-
iopulmonary bypass) (Video Loop 21). Often another pump
un (and thereby extended aortic cross-clamp time) is indi-
ated for further procedures to improve systolic anterior
otion or mitral prosthetic valve implantation. The onset
f LV outﬂow obstruction may eventually result from mitral
ioprosthesis protrusion into the LV due to the dispropor-
ionate height of the prosthesis in a small ageing LV. LV
bstruction may also develop in the particular setting of a
alve-in-valve implantation (Fig. 14, Video Loops 22A and
2B). After aortic valve replacement, LV hypertrophy that
s seen more frequently in women with aortic valve steno-
is favours intra-LV obstruction. During the weaning of the
ardiopulmonary bypass, the use of inotropic drugs at this
tage increases the obstruction mediated by LV hypertrophy
ramatically and results in a severe low cardiac output. The
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[igure 14. Associated with Video Loops 22 A and B. The biopros-
hetic mitral valve-in-valve implantation resulted in severe systolic
nterior motion and a peak outﬂow tract gradient of 52mmHg.
eroperative transoesophageal echo has highlighted in those
atients the value of beta-blockade treatment and an
ggressive ﬂuid challenge with complete contraindication of
notropes. Transcatheter aortic valve replacement appears
o be an emerging and promising option for high-risk elderly
atients. Periprocedural transoesophageal echocardiogra-
hy plays a major role in guiding transcatheter aortic valve
eplacement and detecting immediate complications such
s pericardial effusion, left ventricular pseudoaneurysm,
itral valve injury, prosthetic valve malpositioning or early
igration, severe paravalvular leak and aortic dissection
85]. Heavy mitral annular calciﬁcations predispose patients
o left atrial dissection or LV rupture, which is a rare but
ften lethal complication of mitral valve surgery in the
lderly. The abrupt discontinuity between LV and left atrium
ppears as a major peroperative bleed or postoperative
amponade. The diagnosis is conﬁrmed by transoesophageal
chocardiography, which delineates at best colour ﬂow
oppler entering into the false lumen and often associ-
ted paraprosthetic valve regurgitation. LV false aneurysm
s a seldom-delayed presentation of the latter complication.
hese potential complications advocate careful quantita-
ion of mitral valve disease and appropriate indication for
ardiac surgery.
onclusion
ardiovascular comorbid conditions reach epidemic
roportions among older people. Bedside Doppler-
chocardiography readily provides information that is
rucial for guiding the therapeutic management of older
atients in the operating room or presenting in the emer-
ency room. The evaluation of these patients should
ntegrate clinical, laboratory and echocardiography data to
chieve a comprehensive assessment. Underuse of echocar-
iography in older patients with new HF onset is likely
o result in poorer survival [86]. Complications related to
yocardial infarction are detected readily using bedside
chocardiography. Unexpected Takotsubo syndrome may
e revealed in troponin-positive elderly women presenting
fter a fall or emotional trigger. There is increasing appre-
[P.V. Ennezat et al.
iation that subtle cardiac dysfunction can limit ventilatory
eaning, advocating wide use of bedside echocardiography
n the intensive care unit. Hence, wider echocardiography
eaching may be valuable for improving the management
f older people in the emergency and operating rooms.
owever, comprehensive and insightful echocardiographic
xamination often demands both detective work and
n-depth knowledge.
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